Total prosthetic replacement of the knee based on the central core hinge principle was first reported by Shiers (1954) . Further models of hinge arthroplasty which have been evolved in recent years include that of McKee (Yeoman, 1970) and Walldius (Walldius, 1960 (Walldius, , 1968 . Despite the relatively widespread use of the hinge endoprosthesis, little recent information is available on the results ofthis type ofsurgery. In order to throw further light on this field, we have undertaken a follow-up study of 51 knees in 44 patients in whom joint replacement was carried out by means of the Walldius arthroplasty. In contrast to a previous study ofthis operation (Blundell Jones, 1968) , most of our prostheses were inserted by one surgeon (P.J.C.) and, in order to reduce observer bias, the evaluation was undertaken by a physician (J.M.H.M.).
Clinical material
The survey represents a consecutive unselected study of patients who underwent Walldius arthroplasty of the knee between 1968 and 1972 at Battle Hospital, Reading. A total of 51 operations in 44 patients (38 females and 6 males) was reviewed. Two patients were not available for study. The completion rate was therefore 96 per cent. The follow-up period ranged from 3 mths to 4 yrs (mean 17 mths). The patients were aged from 40 to 75 yrs (mean 61 yrs). The duration of arthritis was 8 to 40 yrs (mean 15 yrs). 42 patients had rheumatoid arthritis and two osteoarthrosis.
Methods
All patients were assessed postoperatively by one physician (J.M.H.M.). Preoperative data were obtained from the hospital records in patients who had had surgery before the start of the survey. In all other patients preoperative evaluation was done by the observer who had undertaken the postoperative examination.
Subjective data included: (1) Patients' overall impression of the operation; (2) Pre-and postoperative knee pain; (3) Pain in other lower limb joints; (4) Walking ability. Objective information comprised:
(1) Range of active knee flexion;
(2) Extensor lag;
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(3) Flexion deformity; (4) Valgus deformity; (5) Joint instability. In addition, evidence of superficial or deep infection, delayed wound healing, and neurological abnormality (particularly lateral popliteal palsy) was recorded. All patients were examined radiologically by means of anteroposterior radiographs of both knees in extension, and lateral radiographs of both knees in extension and full flexion.
Indications for surgery
The most frequent indication for surgery was intractable severe pain in a joint too affected radiologically to be suitable for synovectomy. In 27 knees severe pain constituted the sole reason for surgery. However, in twenty knees severe pain was complicated by other factors: Valgus deformity (10); Flexion deformity (6); Rotational deformity (1); Lateral subluxation (1); Failed MacIntosh arthroplasty (2). In four knees severe instability associated with only minimal pain was sufficiently incapacitating to warrant joint replacement.
Prosthesis
The prosthesis, now made entirely of Vitallium, is shown in Figs la and b. The artificialjoint consists of two halvesa femoral and a tibial unit. These are united by a roller bearing held in place by a locking screw. The femoral half of the prosthesis carries an intramedullary nail and also a flange anteriorly which provides an articular surface for the patella. The tibial unit carries an intramedullary nail of the same length (10 cm.) and a flange posteriorly which embeds into the cancellous bone underlying the tibial plateau. This two-point fixation by means of anterior and posterior flanges prevents rotation of the prosthesis in the longitudinal axis. The total thickness of the joint bearing is 3 cm.; this enables arthrodesis of the knee to be carried out if the prosthesis has to be removed.
Surgical technique
General anaesthesia with the patient in the supine position was used in all cases. Exsanguination of the limb by an Esmarch bandage was followed by application ofa pressure cuff high up on the thigh.
The skin was entered through an anterior U-shaped incision and the patellar tendon and joint capsule divided. The femoral condyles and tibial plateaux were transected with a saw to provide two flat surfaces with a gap of 3 cm. between them to accommodate the bearing of the prosthesis (Fig. 2 ). An important step was the removal of bone protruding posteriorly from the transected femoral condyles. This procedure prevented impingement of this Fig. 4 (opposite) shows a later case in which femoral bone was removed and the result much improved.
The two halves of the prosthesis were driven into the medullary cavity so that a perfect fit was obtained between resected bone surfaces and the surfaces of the central part of the prosthesis. In only a few of our cases was bone cement used to secure the intramedullary nails. Indications for using cement were: (1) Poor quality of medullary bone; (2) Loosening of a prosthesis evident clinically and/or radiologically and associated with symptoms.
Invariably a Redivac drain was placed behind the prosthesis. The joint capsule and patellar tendon were carefully repaired and closure was in one layer. In view of the fact that the patellar tendon was divided and repaired, we have been reluctant to advocate quadriceps exercises, even isometrically, in the first few weeks after surgery because of the danger of tendon rupture. Once healing is established, however, the importance of the quadriceps drill cannot be over-emphasized.
The Redivac drain was usually removed after 48 hours. The plaster cylinder was changed and sutures removed 2 weeks after operation. Thereafter, walking with weight bearing was allowed in the new plaster for a further month; 6 weeks post-operatively the second plaster was removed and knee mobilization encouraged.
In cases in which restoration of a satisfactory degree of knee flexion has not been achieved we have been reluctant to use manipulation because of the danger of disturbing the prosthesis.
Results

OVERALL GRADING OF RESULTS
Grading by the clinician is shown in Table I . In ten of the 32 arthroplasties graded as good, the result was in fact excellent (entirely painfree; flexion > 700; no instability). In seven of the fourteen arthroplasties in which the result was graded as poor, there had been some amelioration of pain after surgery. In most cases this was an improvement from 'severe' to 'moderate' pain, and patients were in fact satisfied with even this small degree of improvement. However, in the other seven arthroplasties graded as poor, knee pain had actually become worse in three, and had remained the same in one. Of the three knees in which pain had worsened, one became so unbearably painful as to (ii) Pain in other lower limb joints The patients' assessment of postoperative pain in other lower limbjoints (taking only the 33 which were painful preoperatively) showed that five were improved, nine were the same, and nineteen were worse.
The degree of worsening of pain in the unoperated joints was usually towards severe pain rather than towards pain of milder degree. By far the most frequent lower limb joint to become more painful after knee surgery was the other knee. The distribution of grades of pain before and after surgery is shown in Table III . (iii) Gait The patients' assessment of gait after surgery shows that 43 were better and six were worse.
The preoperative/postoperative distribution of different grades of walking ability, ranging from patients who were able to walk without assistance to those who were chairbound, is shown in Table IV (Fig. 6 ), or femoral nail (Fig. 7) . These occurred in 8 percent. ofprostheses. Lateral popliteal dysfunction, both sensory and motor, recovered spontaneously in all four cases. In six arthroplasties re-operation was necessary (Table IX) . In three the prostheses were removed and arthrodesis undertaken with a satisfactory end-result. (The 2 to 3 cm. of leg shortening after arthrodesis was easily corrected by means ofa shoe raise.) In two ofthe cases requiring removal of the prosthesis the cause of failure was undoubtedly deep sepsis. This was accompanied by severe pain and sinus formation several months after joint replacement. In both cases minor wound sepsis had been present initially, but this had cleared satisfactorily within a week or so of surgery. Despite the presence of copious pus (which was examined both from the sinuses and again from samples obtained when the prosthesis was removed) no organism could be cultured from one joint and only a moderate growth of coagulase-negative Staphylococcus could be isolated from the other. However, both patients had had antibiotics before the prostheses were removed. In both of these infected knees, and also in the joint in which the prosthesis was removed because of severe pain without obvious infection, amorphous grey-looking paste FIG. 7 Walldius arthroplasty: note anterior cortical protrusion of femoral intramedullary nail was observed. This was thought to be degraded bone cement rather than pus.
There were no deaths attributable to surgery. The only death in our series took place over a year after surgery and showed widespread metastases from carcinoma of the stomach post mortem. 
Discussion
There is a remarkable concordance between the results of Walldius (1960) and those of the present investigation (Table X ). Walldius's criteria for a 'very good' result are identical to our criteria for a 'good' result. (His criteria for 'good' and 'poor' were not recorded.) Blundell Jones (1968) has recently reported the results ofWalldius arthroplasty in 45 knees. Although these findings were not reported in terms of an overall index to express the results of surgery, the results of individual criteria were comparable to those found in our study-particularly with regard to excellent pain relief, high proportion of patients in whom gait was improved, and preservation of knee flexion. With reference to the last, 91 per cent. of Blundell Jones's cases were able to flex more than 50°postoperatively, compared with 80 per cent. who were able to achieve this in our series. Richards, Durance, and Crellin (1972) were able to report even more impressive postoperative flexion in their small series of 18 Walldius arthroplasties. These workers found that 61 1 per cent. of treated knees were capable of more than 70°o f flexion, compared with 39 per cent. in our study. Qualitatively, the complications observed in our patients are similar to those reported by Walldius (1960) and Blundell Jones (1968) : in all three series, problems associated with wound infection, joint infection, and lateral popliteal dysfunction were experienced.
Quantitively, however, in terms of the frequency of re-operation for failure of the prosthesis, our results (11 per cent.) and those of Blundell Jones (1968) (11 per cent.) are more encouraging than those of Walldius (1960) (Table XI) .
No fractures of the medullary pin of the prosthesis were found either in our series or in that of Blundell Jones (1968) . The two cases noted by Walldius (1960) were undoubtedly due to the weakness of the early acrylic resin models. The newer Vitallium prostheses are much stronger, and medullary pin fractures are consequently no longer a problem. Furthermore, the length of the intramedullary nails (10 cm.) in the later models may explain why fractures of the tibial and femoral cortex were experienced in our series and also that of Blundell Jones, but not in Walldius's patients. Comparing our results with those of total knee replacements other than by hinge arthroplasty (such as the mould arthroplasty reported by Platt and Pepler, 1969) , ours are comparable with regard to both improvement of pain and restoration of knee flexion, but better with regard to the incidence of infection and necessity for re-operation. In the series of Platt and Pepler, 26 (41 per cent.) of 62 knees required a further operation. In our own series only six (11 per cent.) of 51 knees needed further surgery.
Certain operative details deserve particular mention:
(1) In our more recent cases, we have attempted to reduce postoperative extensor lag by using a long, vertical parapatellar incision. In contrast to the horizontal incision, this avoids dividing the quadriceps muscle and tendon transversely, and enables the joint to be reached through a musculo-tendinous split. So far, we do not feel that the vertical incision has led to a significant improvement in extensor lag, and this approach has the disadvantage of precluding the use of a hand saw. It is, however, possible to do (Walldius, 1960) the operation with a Striker oscillating saw and an osteotome. Another theoretical advantage of the vertical incision is that it allows mobilization to be undertaken at a much earlier stage. Using this incision, we now allow mobilization out of plaster after 3 weeks in contrast to 6 weeks with the Ushaped incision.
(2) Reference has already been made to the importance of chiselling away sufficient bone at the posterior aspect of the lower femur to obviate mechanical limitation of flexion.
Conclusions
(1) In terms of both the patients' and the clinician's evaluations, on the whole, the results of surgery were highly satisfactory-particularly with regard to pain relief. This accords well with the results of previous studies of the Walldius prosthesis. (2) However, in view of the theoretical maximum range of prosthesis flexion of only 900*, and the fact that in practice only a relatively small proportion of patients manage to achieve this, joint replacement should be avoided in patients with only moderate pain and a useful range of flexion.
(3) In view of the limited flexion and the frequency of cortical fractures, and also the danger of prosthesis loosening, arthroplasty should be reserved for patients who are not going to make heavy demands on the artificial joint.
(4) Until further improvement can be made in prosthesis design, it would seem reasonable to continue to reserve Walldius arthroplasty for patients with severe intractable pain in whom conservative measures have failed and in whom radiological abnormality has advanced beyond the stage at which synovectomy might have been beneficial.
Summary
(1) 52 Walldius arthroplasties of the knee are reported in 44 patients, 42 of whom had rheumatoid arthritis and two osteoarthrosis. The follow-up period ranged from 3 months to 4 years.
(2) In 88 per cent. of arthroplasties patients felt * The latest Walldius prosthesis (not used in the present series) flexes to 1000.
that the operation had been successful. The clinician's evaluation showed that the results were good in 63 per cent., fair in 10 per cent., and poor in 27 per cent.
(3) In terms of pain relief, improvement of gait, correction of valgus and flexion deformity, and correction of instability, improvement was observed in more than 80 per cent. of arthroplasties.
(4) Improvement in active knee flexion occurred in only 43 per cent. of arthroplasties. However, the mean value for postoperative flexion was 630. Excess bone on the posterior aspect of the lower femur was an important cause of restriction of knee flexion. The need to remove this to prevent impingement of the femur on the tibia is emphasized.
(5) Relief of pain in other lower limb joints and improvement of extensor lag were both disappointing-amelioration being noted in less than 25 per cent. of arthroplasties.
(6) Deep sepsis necessitated removal of the prosthesis in two cases. In one case arthrodesis and a reasonable end-result was achieved, but the other arthrodesis has remained infected. In a further case the prosthesis was removed and arthrodesis carried out because of unbearable pain. Re-insertion of the prosthesis was undertaken in three patients because of malalignment, intramedullary nail protrusion, and loosening of the prosthesis.
(7) Other complications, such as superficial wound sepsis, lateral popliteal dysfunction, and cortical fractures, caused only temporary inconvenience and did not appear to affect the function of the prosthesis.
(8) It was concluded that Walldius replacement should be avoided in patients having a good range of knee flexion-unless in severe intractable pain. It should also be avoided in subjects in whom heavy demands may be made on the artificial joint.
(9) Until further improvements can be made in prosthesis design, it would seem reasonable to continue to reserve Walldius arthroplasty as a salvage procedure largely for patients with severe intractable pain in whom radiological abnormality precludes synovectomy.
operations.
knee. Follow-up study of 51
